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SUMMARY 


The  steady-state  aerodynamic  pressure  distribution  over  the  aft  fuselage,  fin  and  stabilcuor  of 
a  119th  scale  F/A-18  model  has  been  measured  for  varying  conditions  at  low  speeds. 
Pressure  distributions  are  presented  in  the  form  of  a  parametric  study  and  the  integration  of 
the  pressures  to  obtain  total  loads  is  included  to  indicate  the  overall  effects  of  angle  of 
attack,  sideslip,  stabilator  deflection  and  the  LEX  fence.  The  results  from  these  wind  tunnel 
tests  have  illustrated  the  degree  to  which  vortical  flow  dominates  the  conditions  over  the  aft 
end  of  the  aircraft,  due  to  the  presence  of  the  primary  LEX  vortex  and  to  local  separations 
from  sharp  edged  surfaces. 
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Notation 

2  Wing  mean  aerodynamic  chord  (m) 

Cbm  Bending  moment  coefficient 

Cl  Lift  force  coefficient  normal  to  chord  plane  of  surface 
Cm  Pitching  moment  coefficient 
Cp  Pressure  coefficient 

Hx  Spanwise  station  on  full  scale  stabilator  (inches) 

5  Wing  area  (mJ) 

V  Airspeed  (m/s) 

X  Longitudinal  aircraft  axis 

Y  Lateral  aircraft  axis 
Z  Vertical  aircraft  axis 

Zv  Spanwise  station  on  full  scale  fin  (inches) 
a  Angle  of  attack  (degrees) 

0  Angle  of  sideslip  (degrees) 

6  Stabilator  deflection  (degrees) 

LEX  Leading  edge  extension 
LEF  Leading  edge  flap 
TEF  Trailing  edge  flap 

Angular  Sign  Conventions 

a  is  positive  when  the  freestream  velocity  vector  is  below  the  nose 
0  is  positive  when  the  freestream  velocity  vector  is  right  of  the  nose 
6  is  positive  when  the  stabilator  leading  edge  is  deflected  up 

Reference  Area  and  Length 

Reference  area  =  37.16  m2  (Full  scale  theoretical  wing  area) 

Reference  length  =  3.51  m  (Full  scale  wing  mean  aerodynamic  chord) 

Note:  Aircraft  stations  defined  by  the  manufacturer  in  inches  are  not 
converted  to  SI  units. 


1  Introduction 


The  high  angle  of  attack  capability  of  the  McDonnell-Douglas  F/A-18  aircraft  is  achieved 
through  the  generation  of  large  vorticies  from  the  Leading  Edge  Extensions  (LEX).  At  high 
angles  of  attack,  the  vortical  nature  of  this  flow  breaks  down  or  ‘bursts’  and  becomes  highly 
turbulent.  This  phenomenon  results  in  significant  problems  within  the  aircraft  structure  and  a 
subsequent  reduction  in  the  manufacturers  predicted  fatigue  life  of  the  airframe. 

Due  in  part  to  the  multi-role  capability  of  the  aircraft,  Australian  and  Canadian  operational 
useage  of  the  F/A-18  differs  from  that  of  the  U.S.  Navy,  with  Australian  and  Canadian  aircraft 
recording  a  proportionately  higher  number  of  operational  hours  at  high  angles  of  attack.  This 
has  resulted  in  the  need  to  redetermine  the  fatigue  life  of  the  aircraft  under  more  representative 
conditions  than  the  manufacturers  original  fatigue  tests. 

The  Royal  Australian  Air  Force  (RAAF),  through  the  Airframes  and  Engines  Division  (AED)  of 
the  Defence  Science  and  Technology  Organisation  (DSTO),  is  collaborating  with  the  Canadian 
Forces  through  the  Institute  for  Aeronautical  Research  (IAR)  and  the  Canadian  Aeronautical 
Industry  to  conduct  a  fatigue  test  on  the  F /A- 18  aircraft.  This  collaboration,  which  is  aimed  at 
re-evaluating  the  aircraft’s  structural  fatigue  life,  based  on  measured  operational  loading  con¬ 
ditions,  is  designated  the  International  Follow-On  Structural  Test  Project  (IFOSTP).  Canada 
is  responsible  for  the  testing  of  the  wing  and  centre  fuselage  of  the  aircraft  while  AED  will  test 
the  rear  fuselage,  fins  and  stabilators. 

The  total  loads  which  will  be  applied  to  the  structure  during  the  fatigue  test  are  those  corre¬ 
sponding  to  the  parameters  recorded  by  the  onboard  Maintenance  Status  Display  and  Recording 
System  (MSDRS)  during  normal  operational  conditions. 

Because  little  information  was  available  on  the  F/A-18  aerodynamic  loading  distributions  from 
the  original  equipment  manufacturer.  Air  Operations  Division  (AOD)  of  DSTO  agreed  to  sup¬ 
ply  these  data  for  the  aft  end  of  the  aircraft  using  the  existing  aerodynamic  facilities  at  the 
Aeronautical  Research  Laboratory  (ARL). 


2  Aim 


The  objective  of  the  wind-tunnel  tests  was  to  obtain  a  data-base  of  steady-state  aerodynamic 
pressure  distributions  that  could  be  used  during  the  F/A-18  fatigue  test  to  represent  manoeu¬ 
vre  loading  on  the  aircraft  in  normal  operational  conditions  both  with  and  without  the  ‘fence’ 
attached  to  the  LEX.  It  is  intended  to  superimpose  buffet  loads  onto  the  steady-state  aerody¬ 
namics  at  a  later  stage. 

Because  the  F/A-18  aircraft  is  capable  of  flying  at  high  Mach  numbers  and  at  high  angles 
of  attack,  AOD  was  required  to  use  both  the  Transonic  Wind  Tunnel  (TWT)  and  the  Low 
Speed  Wind  Tunnel  (LSWT)  facilities  as  well  as  computational  techniques  where  appropriate 
to  obtain  the  best  possible  coverage  of  the  flight  envelope.  The  TWT  would  have  solely  been 
used  to  obtain  this  data  base  but  the  use  of  a  1  /24th  scale  half-model  restricted  the  tests  to  the 
zero  sideslip  condition  (Reference  [1]).  For  this  reason  the  LSWT  and  a  1  /9th  scale  complete 
model  was  employed  to  determine  the  effects  of  sideslip.  The  results  presented  in  this  report 
are  those  from  the  LSWT  tests. 
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3  Test  Facility 


The  facility  used  for  these  pressure  measurement  tests  was  the  ARL  LSWT.  This  is  a  closed 
return  circuit  wind  tunnel  with  a  total  installed  drive  power  of  660  kW.  An  eight  bladed  fan  of 
diameter  3.96  m  allows  speeds  of  up  to  100  m/s  to  be  reached  in  the  working  section  which  is 
an  irregular  octagon  in  shape,  measuring  2.743  m  x  2.134  m.  The  model  was  mounted  via  a 
sting  to  a  pitch/roll  rig  for  the  setting  of  model  attitudes. 


4  Models 


Prior  to  the  requirement  for  steady  aerodynamic  loads  data  for  the  F/A-18  aircraft,  a  substantial 
amount  of  research  had  already  been  completed  at  ARL  on  the  problem  of  fin  buffet  at  high  angle 
of  attack.  This  work  (Reference  [2])  was  done  using  a  1  /9th  scale  model  made  from  aluminium 
and  carbon  fibre.  The  major  dimensions  of  this  model  are  shown  in  Figure  1.  Because  this 
model  was  originally  used  for  testing  in  the  high  angle  of  attack  regime  (greater  than  25°),  a 
wing  was  made  with  a  fixed  leading  edge  flap  (LEF)  setting  of  34°  which  corresponds  to  the 
condition  set  by  the  aircraft  flight  control  system.  Since  this  wing  would  only  be  of  use  at 
angles  of  attack  greater  than  or  equal  to  25°,  a  task  was  initiated  to  build  a  wing  with  variable 
flap  settings  that  could  be  remotely  actuated  from  the  LSWT  control  room.  While  the  fully 
actuated  wing  was  under  development  a  second  wing  was  constructed  with  a  fixed  LEF  setting 
of  0°.  This  wing  would  give  valid  information  at  angles  of  attack  less  than  or  equal  to  0°  and 
could  also  be  used  to  investigate  the  trends  of  load  behaviour  at  low  positive  angles  of  attack 
even  though  the  flap  settings  would  not  be  entirely  correct.  The  mid  range  angles  of  attack 
were  not  investigated  during  this  first  stage.  For  ease  of  discussion,  the  series  of  tests  involving 
the  fixed  LEF  wings  (both  0°  and  34°)  will  be  denoted  as  Test  A. 

Manual  adjustment  of  the  stabilators  was  possible  although  this  was  limited  to  a  finite  selec¬ 
tion  of  discrete  setting  angles  due  to  the  mechanical  design  of  the  model.  The  carbon  fibre 
construction  allowed  easy  drilling  of  pressure  tappings  in  the  model  surface.  Seventy  five  ports 
were  distributed  over  the  the  reaT  starboard  fuselage  as  shown  in  Figure  2.  The  upper  side 
of  the  port  stabilator  and  the  lower  side  of  the  starboard  stabilator  were  each  tapped  with  60 
pressure  ports  although  a  maximum  of  only  22  ports  per  stabilator  could  be  utilised  due  to 
the  physical  limitations  of  the  stabilator  hinge  design.  The  distribution  of  the  ports  on  the 
stabilator  is  shown  in  Figure  3.  All  of  these  pressures  were  measured  simultaneously  using 
a  Pressure  Systems  International1  (PSI)  electronic  pressure  scanning  system  with  the  model 
in  the  LEX-fence-off  configuration  and  the  stabilators  in  both  the  symmetric  and  asymmetric 
arrangement.  The  measurements  from  the  upper  surface  of  the  port  stabilator  for  a  given  a,S 
and  0  were  mirrored  to  the  starboard  stabilator  for  the  same  a  and  6  with  a  0  of  the  opposite 
sign.  The  starboard  fin  was  tapped  with  60  ports  on  each  side  as  in  Figure  4. 

A  second  series  of  LSWT  tests  was  made  with  the  actuated  wing  and  new  stabilators  which  will 
be  denoted  as  Test  B.  This  model  featured  the  following  characteristics. 


•  Actuated  stabilators.  These  can  be  operated  asymmetrically  although  for  this  test,  the 
stabilators  were  kept  in  a  symmetric  configuration.  The  justification  for  this  came  from 

1  Pressure  Systems  International,  34  Research  Drive,  Hampton.  Va.  23666,  U.S.A. 
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the  results  obtained  in  Test  A.  The  number  of  ports  on  the  tail  surfaces  was  increased  to 
provide  more  points  for  the  pressure  distributions. 

•  Actuated  leading  edge  flap.  The  port  and  starboard  leading  edge  flaps  must  operate 
symmetrically. 

•  Actuated  trailing  edge  flaps.  Each  flap  may  be  operated  independently  of  the  other. 

•  Actuated  ailerons.  These  can  be  adjusted  to  a  given  angle  in  general  but  for  this  series  of 
tests,  they  were  mechanically  locked  into  place  at  a  deflection  of  0°. 

•  All  control  surfaces  mentioned  above  can  be  controlled  remotely  via  a  micro- VAX  com¬ 
puter  (Reference  (3]). 


The  model  is  pictured  in  Figure  1  and  is  described  in  detail  in  Reference  [4].  Sixty  static  pressure 
ports  were  distributed  over  the  fuselage  in  a  pattern  that  closely  resembled  the  distribution  used 
on  the  model  in  Test  A  (Figure  5).  The  stabilator,  being  an  important  contributor  to  the  total 
load,  was  re-tested  for  all  angles  of  attack  using  the  appropriate  flap  settings  and  with  a  larger 
number  of  pressure  ports.  The  density  of  ports  was  increased  to  that  shown  in  Figure  6.  The 
fin  port  distribution  was  not  altered  from  that  used  in  Test  A. 

A  preliminary  investigation  showed  that  the  effect  of  an  individual  stabilator  deflection  on 
the  opposite  stabilator  was  negligible,  therefore  making  extensive  asymmetric  stabilator  tests 
unnecessary.  Although  there  is  a  small  but  noticeable  effect  on  the  fuselage  pressure  distribution, 
these  fuselage  effects  are  of  secondary  importance  relative  to  the  fin  Und  stabilator  distributions. 
Tests  were  carried  out  with  and  without  the  LEX  fence  which  was  easily  attached  and  removed. 

In  general,  the  results  from  Test  A  were  regarded  as  preliminary  only  and  were  used  as  a  guide 
for  planning  Test  B  both  in  terms  of  the  test  programme  and  the  distribution  of  ports  on  the 
model.  Although  the  results  from  Test  A  are  referred  to  in  this  report,  only  the  results  from 
Test  B  are  presented  in  detail. 


5  Test  Programme 

5.1  Test  A:  Fixed  Flap  Wings 

The  limited  number  of  scanners  available  at  the  time  required  the  Test  A  programme  to  be 
completed  in  two  phases.  The  first  phase  was  conducted  with  the  fuselage  and  stabilator 
pressure  ports  connected  as  in  Figures  2  and  3  and  the  second  phase  was  conducted  with  only 
the  fin  ports  connected  as  shown  in  Figure  4.  It  was  only  necessary  to  investigate  the  effect  of  the 
LEX  fence  on  the  fin  pressure  distributions  as  this  was  where  the  major  effect  was  expected  to 
occur.  Also  as  noted  in  Section  3,  to  reduce  the  length  of  the  test  programme,  it  was  decided, 
based  on  the  Phase  I  results,  to  use  only  symmetric  stabilator  settings  during  the  Phase  II 
tests.  The  tunnel  airspeed  was  kept  nominally  at  50  m/s  which  equates  to  a  Reynolds  number 
of  1.34  x  106  based  on  the  wing  mean  aerodynamic  chord.  The  Test  A  programme  is  presented 
in  Table  1. 
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Table  1:  LSWT  Test  Programme  for  l/9th-Scale  F/A-18  with  Fixed  Flaps 


(<4) 

Flaps 

0 

(deg) 

6 

(deg) 

Phase  I 
Stabs/Fuse 

Phase  II 

Starboard  Fin 

TEF 

H 

mi 

HI 

sweep 

sweep 

Asym.  Stabs 
LEX  fence  off 

Sym.  Stabs 

LEX  fence  off/on 

5 

mi 

jgiij 

sweep 

sweep 

Asym.  Stabs 
LEX  fence  off 

Sym.  Stabs 

LEX  fence  off/on 

10 

mi 

0.0 

sweep 

sweep 

Asym.  Stabs 
LEX  fence  off 

Sym.  Stabs 

LEX  fence  off/on 

25 

34.0 

m 

sweep 

sweep 

Asym.  Stabs 
LEX  fence  off 

Sym.  Stabs 

LEX  fence  off/on 

30 

34.0 

m 

sweep 

sweep 

Asym.  Stabs 
LEX  fence  off 

Sym.  Stabs 

LEX  fence  off/on 

35 

34.0 

0.0 

sweep 

sweep 

Asym.  Stabs 
LEX  fence  off 

Sym.  Stabs 

LEX  fence  off/on 

Note:  0  sweep  is  -10,  -5,  0,  +5,  +10  degrees 
6  sweep  is  -23,  -11,  +1,  +9  degrees. 


5.2  Test  B:  Actuated  Control  Surfaces 

The  aim  of  this  test  programme  was  to  obtain  a  complete  set  of  aerodynamic  load  distributions 
using  the  wing  with  actuated  control  surfaces  which  included  the  repetition  of  many  Test  A 
points.  This  provided  a  useful  check  on  the  results. 

The  availability  of  the  adjustable  surface  wing  meant  that  the  complex  system  of  Sap  movement 
on  the  aircraft  could  be  more  realistically  simulated.  The  scheduling  of  flap  positions  on  the 
F/A-18  aircraft  is  controlled  by  the  onboard  computer  and  is  primarily  a  function  of  angle  of 
attack  and  Mach  number.  The  flap  deflections  are  also  limited  by  dynamic  pressure  to  prevent 
structural  overload,  and  when  deflected  asymmetrically,  the  flaps  assist  the  ailerons  in  achieving 
high  aircraft  roll  rates.  The  details  of  the  flap  schedule  are  given  in  Reference  [5]. 

For  these  tests,  steady  manoeuvre  loads  only  were  considered.  The  effects  of  roll-rate  are  to  be 
estimated  later  and  used  as  an  incremental  change  to  the  steady-state  wind  tunnel  results.  The 
effect  of  compressibility  will  be  applied  to  the  Test  B  data  using  an  appropriate  scaling  technique 
up  to  a  Mach  number  no  greater  than  0.8.  For  this  reason,  it  was  necessary  to  test  the  aircraft 
with  the  flaps  positioned  for  each  particular  combination  of  angle  of  attack  and  Mach  number 
where  the  LSWT  results  might  be  considered  representative  of  F/A-18  operational  usage. 

The  density  of  pressure  ports  on  the  stabilators  and  fuselage  was  increased  for  Test  B  as  two 
more  PSI  scanners  became  available.  Figures  5  and  6  illustrate  the  distribution  of  the  ports 
for  this  test.  The  fin  was  instrumented  in  the  same  manner  as  in  Test  A  (see  Figure  4).  Again 
the  test  programme  was  completed  in  two  phases.  Phase  I  was  conducted  with  the  stabilator 
pressure  ports  connected.  This  was  primarily  completed  with  the  LEIX  fence  in  place  although 
some  check  points  were  measured  with  the  LEX  fence  removed  to  determine  the  influence  of  the 
fence  on  the  stabilator  pressure  distribution.  Phase  II  involved  the  measurement  of  pressures 
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on  the  surface  of  the  starboard  fin  and  the  aft  fuselage.  This  phase  was  conducted  both  with 
the  LEX  fence  on  and  off.  Symmetric  stabilators  were  used  throughout  Test  B  as  the  effect  of 
asymmetric  settings  from  Test  A  results  was  found  to  be  minimal.  This  greatly  reduced  the 
length  of  the  test  programme.  As  in  Test  A,  the  tunnel  airspeed  was  kept  nominally  at  50  m/s 
corresponding  to  a  Reynolds  number  of  1.34  x  106.  The  Test  B  programme  is  presented  in 
Table  2. 


Table  2:  LSWT  Test  Programme  for  l/9th-Scale  F/A-1S  with  Actuated  Control  Surfaces 


a 

Effective 

LEF 

TEF 

6 

0 

Phase  I 

Phase  II 

(deg) 

Mach  no. 

(deg) 

(deg) 

(deg) 

(deg) 

Stabilators 

Fin/ Fuselage 

-10 

0.0  -  0.8 

sweep 

sweep 

LEX  fence  on 

LEX  fence  on /off 

-5 

sweep 

sweep 

LEX  fence  on 

LEX  fence  on /off 

0 

0.0  -  0.8 

0.0 

0.0 

sweep 

LEX  fence  on 

LEX  fence  on /off 

5 

0.0  -  0.7 

6.6 

7.0 

4  •A-.'-BI 

LEX  fence  on 

LEX  fence  on/off 

0.8 

5.1 

7.0 

10 

0.0  -  0.7 

MEM 

LEX  fence  on 

LEX  fence  on/off 

0.8 

m 

HI 

15 

0.0  -  0.6 

14.8 

sweep 

sweep 

LEX  fence  on 

LEX  fence  on/off 

0.7 

m 

12.6 

sweep 

sweep 

0.8 

18.4 

9.8 

sweep 

sweep 

20 

0.0  -  0.6 

26.6 

7.8 

LEX  fence  on 

LEX  fence  on /off 

0.7 

26.6 

5.6 

0.8 

25.0 

2.8 

llSa 

33.2 

BiTIM 

sweep 

sweep 

LEX  fence  on 

LEX  fence  on/off 

El®S 

33.2 

sweep 

sweep 

■ 

31.7 

0.0 

sweep 

sweep 

30 

0.0  -  0.8 

34.0 

0.0 

sweep 

LEX  fence  on 

LEX  fence  on/off 

35 

0.0  -  0.8 

34.0 

0.0 

sweep 

sweep 

LEX  fence  on 

LEX  fence  on/off 

Note:  6  sweep  is  -20,  -10,  -5,  0,  +5  degrees  (symmetrical  stabilators  only). 
0  sweep  is  -10.  -5,  0,  +5,  +10  degrees 

The  ailerons  were  mechanically  set  at  the  neutral  angle  of  0°. 


6  Data  Reduction 

The  pressure  information  was  gathered  using  a  PSI  8400  electronic  pressure  measurement  and 
data  acquisition  system.  Four  PSI  scanners  with  range  of  ±34.5  kPa  were  used  with  each 
scanner  capable  of  measuring  32  differential  pressures.  A  further  two  scanners  with  a  range  of 
±6.9  kPa  became  available  during  Test  B.  The  software  that  controls  the  system  was  rewritten 
at  ARL  in  the  ‘C’  programming  language.  A  detailed  description  of  features  of  the  system  is 
given  in  Reference  [6]. 

The  software  controlling  the  data  acquisition  allows  the  user  to  specify  the  sampling  parame¬ 
ters.  The  time  between  each  data  frame,  consisting  of  many  measurement  points,  was  set  to 
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the  maximum  possible  of  65000  ps.  This  defined  a  sampling  frequency  of  15.4  Hz  that  was 
sufficiently  below  the  fundamental  frequency  within  the  vortex  core  (of  the  order  of  100  Hz 
for  this  model  and  nominal  tunnel  speed  as  in  Reference  [2])  to  avoid  buffeting  effects.  The 
scanners  are  capable  of  sampling  at  frequencies  of  up  to  20  kHz  and  each  was  calibrated  over 
the  range  of  pressures  expected  to  be  found  during  the  tests  (i.e.  ±6.9  kPa). 

A  specified  number  of  frames  is  sampled  after  which  a  mean  pressure  is  calculated  and  recorded. 
The  number  of  frames  was  set  to  the  maximum  value  of  127.  The  procedure  was  repeated  5 
times  with  a  5  sec  delay  between  each  sampling  period. 

This  produced  a  data  file  at  each  test  point,  containing  five  mean  differential  pressure  measure¬ 
ments  for  every  port.  The  consistency  of  the  mean  pressures  over  the  5  sampling  periods  was 
examined  for  each  test  point  to  determine  its  acceptability.  The  mean  of  the  five  recorded  pres¬ 
sures  was  then  used  in  the  further  computation  of  pressure  coefficients  and  load  distributions. 


6.1  Data  Accuracy 

Each  of  the  scanners  had  the  wind-tunnel  total  and  static  pressures  connected  to  the  first  two 
ports  respectively  and  every  port  was  referenced  to  the  tunnel  static  pressure.  This  results  in 
tunnel  dynamic  pressure  on  port  1  and  zero  pressure  on  port  2.  The  measurements  from  each 
of  these  ports  on  all  scanners  were  closely  monitored  and  used  to  indicate  when  a  recalibra¬ 
tion  of  the  scanners  was  necessary  and  to  ensure  that  the  peak  pressure  oscillations  did  not  go 
outside  the  range  of  the  transducers.  Between  calibrations,  small  drifts  in  the  pressure  mea¬ 
surements  sometimes  occurred  due  to  temperature  effects  but  these  were  minimised  by  frequent 
re- calibration. 

As  part  of  the  data  gathering  routine  used  during  Test  B,  a  specified  test  point  was  repeated 
many  times  at  regular  intervals  to  provide  a  means  to  check  on  the  repeatability  of  the  test 
technique.  This  method  takes  into  account  errors  induced  by  the  pitch/roll  mechanism  and 
the  setting  of  control  surfaces  as  well  as  the  pressure  measuring  equipment.  Post  test  analysis 
of  the  data  indicated  that  a  mean  pressure  coefficient  could  be  calculated  for  each  port  with 
a  standard  deviation  of  0.02.  A  further  test  was  made  to  check  on  the  quality  of  data  from 
the  PSI  system  in  isolation.  For  this  test,  a  single  test  point  was  chosen  again  but  this  time, 
many  mean  pressure  data  points  were  taken  without  adjusting  the  model  configuration  at  all. 
Analysis  of  these  points  indicated  that  the  standard  deviation  of  the  pressure  coefficients  was 
less  than  0.02. 


6.2  Interpolation 

In  order  to  maximise  the  surface  area  of  the  aircraft  covered  by  pressure  information,  an  in¬ 
terpolation/extrapolation  technique  was  implemented.  This  transformed  the  data  from  a  set  of 
pressure  coefficients  at  discrete  points  on  the  aircraft  to  pressure  information  at  panel  centroids 
of  a  three  dimensional  Computational  Fluid  Dynamics  (CFD)  grid  describing  the  geometry  of 
the  F/A-18.  The  computer  program  ‘fl8int9\  which  performs  the  calculations,  is  written  in 
FORTRAN.  This  method  enabled  direct  comparison  with  results  from  the  CFD  code  VSAERO2 
and  allowed  for  simple  integration  of  pressure  data  to  obtain  total  loads  on  the  structure. 

2  Analytical  Methods,  Inc.  2133  -  152nd  Avenue  N.E.,  Redmond,  Washington  98052,  U.S.A. 
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The  calculation  procedure,  shown  schematically  in  Figure  7,  was  as  follows: 


1.  Compute  pressure  coefficient  at  each  of  the  discrete  pressure  port  locations. 

2.  Estimate  the  pressure  coefficient  at  intermediate  or  “missing”  ports  in  the  irregular  grid  of 
port  locations  using  the  software  routine  B1VAR  (Reference  [7])  to  complete  a  rectangular 
grid  of  pressure  coefficient  data. 

3.  Fit  a  surface  to  the  rectangular  grid  using  the  surface  interpolation  routine  SURF1  (Ref¬ 
erence  [8])  and  interpolate/extrapolate  the  pressure  information  to  the  centroids  of  the 
appropriate  VSAERO  panels. 

4.  Integrate  over  surface  to  obtain  total  loads. 


The  interpolation  of  the  data  on  the  fins  and  stabilators  was  carried  out  by  converting  the 
spatial  coordinates  locating  the  pressure  ports  to  percentage  chords  and  spanwise  lengths,  thus 
forming  a  rectangular  grid.  Each  particular  VSAERO  panel  centroid  was  converted  in  the  same 
manner  and  a  pressure  coefficient  calculated  for  that  location.  The  pressure  distributions  were 
constrained  to  zero  at  the  fin  and  stabilator  tips  and  the  root  pressure  distribution  was  taken 
as  a  duplication  of  the  nearest  outboard  row  of  chordwise  pressure  ports. 

The  fuselage  was  slightly  more  complex.  Due  to  the  presence  of  the  fins  and  the  stabilators,  and 
the  consequent  ‘step  change’  in  the  pressure  across  them,  it  was  felt  that  an  interpolation  using 
the  aft  fuselage  as  a  whole  was  unjustified.  The  fuselage  was  therefore  considered  in  separate 
patches.  Information  from  positive  and  negative  sideslip  cases  was  combined  to  complete  an 
interpolation  grid  that  extended  over  both  sides  of  the  aircraft.  Pressure  ports  along  the  aircraft 
centreline  were  assigned  an  average  value  of  the  results  from  the  two  sideslip  cases  (theoretically 
these  should  be  identical  on  a  symmetrical  model).  The  distribution  of  ports  allowed  for  an 
interpolation  grid  on  the  top  of  the  fuselage  in  between  the  fins  and  extending  slightly  aft, 
another  on  the  underside  of  the  fuselage  forward  of  the  stabilator  leading  edge  and  a  third 
patch  that  extended  from  the  underside  of  the  port  stabilator  to  the  underside  of  the  starboard 
stabilator.  The  definition  of  the  grid  for  this  third  patch  required  the  conversion  of  the  3- 
dimensional  cartesian  coordinates  of  the  pressure  ports  to  a  system  of  cylindrical  coordinates. 


6.3  Integration  of  Surface  Pressures 

After  the  interpolation  of  the  wind  tunnel  data  to  the  VSAERO  grid,  the  results  were  integrated 
to  produce  total  load  coefficients  for  fins  and  stabilators.  This  technique  significantly  reduces 
the  amount  of  information,  provides  a  means  by  which  to  check  the  data  for  corrupt  points  and 
enables  comparisons  with  results  obtained  from  external  sources.  The  load  coefficients,  Cl,  Cm 
and  Cbm,  are  all  based  on  wing  area  and  wing  mean  aerodynamic  chord  where  applicable.  For 
the  stabilator,  the  moment  coefficients  are  defined  about  the  hinge  point.  The  torsion  moment 
axis  is  about  the  spindle  and  the  bending  moment  axis  is  the  root  chord  line.  The  fin  moments 
are  defined  about  the  quarter  chord  point  of  the  fin  root.  The  bending  moment  axis  is  the  root 
chord  line  and  the  torsion  moment  axis  is  perpendicular  to  this  and  is  at  a  cant  angle  of  20° 
through  the  span  of  the  fin.  The  sign  convention  used  is  given  in  Figure  8. 
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7  Results 


The  final  results  are  a  set  of  ASCII  data  files  with  each  file  representing  a  particular  aircraft 
configuration  and  test  condition  (see  Appendix  A).  The  files  contain  two  columns  of  data, 
these  being  a  VSAERO  panel  number  and  the  corresponding  calculated  pressure  coefficient. 
A  file  containing  the  geometry  of  the  VSAERO  grid  is  required  to  make  use  of  the  pressure 
information.  This  arrangement  allows  the  data  to  be  presented  graphically  on  a  Silicon  Graphics 
Workstation.  An  example  of  the  graphical  output  is  given  in  Figure  9  which  also  indicates  the 
coverage  of  the  aft  fuselage  and  empennage  achieved  using  this  technique. 


7.1  Pressure  Distributions 

Because  of  the  large  amount  of  data  obtained  during  these  tests,  it  is  impractical  to  present 
pressure  distributions  for  every  case.  For  the  purpose  of  this  report,  the  necessary  features  of 
the  data  can  be  illustrated  in  the  form  of  a  parametric  study.  Pressure  distributions  for  the 
starboard  side  of  the  aircraft  over  both  sides  of  the  fin,  stabilator  and  also  the  top  and  bottom 
of  the  aft  fuselage  are  presented  for  a  given  configuration  defined  by  angle  of  attack,  sideslip 
angle,  stabilator  angle  and  LEX  fence  condition.  The  effect  of  varying  each  of  these  parameters 
is  described  in  the  following  sections.  It  should  be  noted  that  the  data  presented  here  are  for  the 
starboard  side  of  the  a  vraft  and  for  the  flaps  set  according  to  the  schedule  for  Mach  numbers 
less  than  or  equal  to  0.6. 


7.1.1  Effect  of  Angle  of  Attack 

To  illustrate  the  effect  of  angle  of  attack,  the  angle  of  sideslip  and  stabilator  deflection  were 
set  to  zero  and  the  LEX  fence  was  on.  Figures  10a  -  lOj  contain  the  pressure  distributions  for 
angles  of  attack  from  -10°  to  35°  respectively  in  5°  increments. 

For  the  F/A-18  aircraft,  increasing  aircraft  angle  of  attack  results  in  the  formation  of  the  LEX 
primary  vortex.  The  effect  of  this  vortex  is  most  noticeable  on  the  fin  pressure  distribution. 
Flow  visualisation  studies  of  this  phenomenon  were  made  in  the  ARL  water  tunnel  and  are  fully 
documented  in  Reference  [9].  The  effect  is  seen  in  the  fin  pressure  distributions,  particularly 
at  angles  of  attack  greater  than  10°.  By  examining  the  difference  between  the  inboard  and 
outboard  pressures,  the  helical  nature  of  the  LEX  vortex  is  confirmed  by  evidence  of  a  change 
in  local  angle  of  attack  along  the  fin  from  root  to  tip.  This  means  that  some  flight  conditions 
experience  very  high  loading  near  the  fin  tip  and  consequently  high  root  bending  moments. 

The  pressure  distributions  over  the  stabilator  show  little  change  up  to  an  angle  of  attack  of 
around  10°.  The  changes  above  10°,  unlike  the  fins,  are  not  due  to  the  LEX  vortex,  but  to  the 
separation  of  the  flow  from  the  stabilator  leading  edge.  Surface  flow  visualisation  evidence  of 
this  leading  edge  separation  is  available  in  Reference  [10].  Because  the  stabilator  has  a  high 
leading  edge  sweep  angle  of  47.16°,  the  pressure  distribution  at  high  angles  of  attack  resembles 
that  seen  on  delta  wing  configurations. 

As  expected,  the  main  effect  of  increasing  angle  of  attack  on  the  fuselage  is  to  increase  the 
pressure  on  the  lower  side  and  decrease  the  pressure  on  the  top. 
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7.1.2  Effect  of  Sideslip 


As  indicated  previously,  the  flowfield  over  the  aircraft  differs  dramatically  between  low  and  high 
angles  of  attack.  For  this  reason,  the  effect  of  sideslip  will  be  presented  in  both  angle  of  attack 
regions.  The  stabilator  deflection  is  set  to  zero  for  all  of  these  cases  and  the  LEX  fence  is  on. 

At  0°  angle  of  attack  (Figures  11a  -  lie),  the  major  effect  of  sideslip  occurs  on  the  fins.  As 
mentioned  in  the  previous  section  with  regard  to  the  stabilator,  a  leading  edge  separation  is 
apparent  on  the  leeward  side  of  the  fin  which  begins  at  a  sideslip  of  around  5°  and  is  fully 
developed  into  a  vortex  by  10°.  Again,  visual  evidence  of  this  is  given  in  Reference  [10]. 

The  pressure  distributions  on  the  stabilators  at  low  angle  of  attack  are  like  those  expected  for 
attached  flow. 

For  low  angle  of  attack,  there  seems  to  be  a  reasonable  degree  of  similarity  between  the  distri¬ 
butions  on  a  given  side  of  the  fin  or  stabilator  in  positive  sideslip,  to  those  on  the  opposite  side 
in  negative  sideslip. 

Sideslip  effects  on  the  fuselage  seem  to  be  limited  to  the  row  of  ports  on  the  upper  side  that 
are  located  closest  to  the  root  of  the  fin. 

At  25°  angle  of  attack  (Figures  12a  -  12e),  the  sideslip  effects  on  the  fin  are  primarily  due  to  the 
lateral  movement  of  the  LEX  vortex  trajectory  and  also  the  change  in  vortex  burst  position. 
Flow  visualisation  studies  show  that  at  -10°  sideslip,  the  starboard  LEX  vortex  passes  outboard 
of  the  fin  and  the  burst  is  located  approximately  at  the  fin  mid-chord.  A  reduction  in  sideslip 
angle  to  -5°  brings  the  vortex  slightly  inboard  and  the  helical  nature  of  the  vortex  flow  becomes 
evident  in  the  fin  pressure  distribution.  The  burst  position  also  moves  forward  to  a  point  just 
ahead  of  the  fin.  As  sideslip  increases  in  the  positive  direction,  a  similar  trend  is  apparent.  The 
vortex  continues  to  move  inboard  of  the  fin  and  the  burst  moves  further  forward. 


7.1.3  Effect  of  Stabilator  deflection 

As  part  of  the  Test  A  programme,  the  pressure  distributions  were  measured  both  with  symmetric 
and  asymmetric  stabilators.  The  results  from  the  asymmetric  stabilator  tests  were  checked  to 
determine  the  necessity  of  re-testing  the  asymmetric  stabilators  in  Test  B.  It  was  found  that 
the  effect  of  one  stabilator  on  the  opposing  stabilator  and  fin  was  minimal  and  that  further 
asymmetric  measurements  would  not  be  required.  This  also  meant  that  the  Test  B  programme 
could  be  kept  to  an  acceptable  length. 

An  angle  of  attack  of  10°  was  chosen  to  illustrate  the  effect  of  stabilator  deflection.  At  this 
angle,  an  aircraft  in  flight  is  likely  to  be  subject  to  large  pitch  demands  from  a  pilot  during  a 
pull-up  manoeuvre.  The  sideslip  angle  is  0°  and  the  LEX  fence  is  on.  Figures  13a  -  13e  are  for 
stabilator  deflections  of  +5°  to  -20°  respectively. 

The  stabilator  pressure  distribution  varies  greatly  with  deflection.  Inspection  of  Figure  13b 
(i.e.  S  =  0°)  indicates  that  there  may  be  a  vortex  impinging  on  the  stabilator  that  has  been 
generated  from  some  point  upstream.  This  could  possibly  be  from  the  outboard  end  of  the 
trailing  edge  flap.  Larger  deflections  of  the  stabilator  result  in  the  generation  of  a  vortex  from 
the  sharp  leading  edge  and  as  the  stabilator  is  deflected  even  further  ( f  =  -20°),  the  pressure 
distribution  shows  signs  of  tip  stall. 
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The  fin  pressure  distribution  is  virtually  unaffected  by  the  deflections  of  the  stabilator.  This  is 
also  true  for  the  upper  and  lower  surfaces  of  the  fuselage.  The  side  of  the  fuselage  is  likely  to 
be  affected  by  stabilator  deflection  especially  near  the  stabilator  leading  edge. 


7.1.4  Effect  of  LEX  Fence 

The  LEX  fence  was  fitted  to  the  F/A-18  to  reduce  the  seventy  of  the  fin  buffet  problem  ex¬ 
perienced  at  high  angles  of  attack.  The  fence  creates  a  secondary  vortex  (Reference  [9])  that 
interacts  with  the  primary  LEX  vortex  to  alter  the  flow  field  seen  by  the  fins.  As  the  fence 
was  designed  to  alter  the  vortex  flow  in  the  high  angle  of  attack  region  only,  comparisons  of 
the  effect  of  the  fence  are  provided  for  angles  of  attack  of  10°,  where  the  LEX  vortex  begins  to 
develop,  and  for  25°,  where  the  vortex  is  fully  developed. 

Figures  14a  and  14b  show  that  the  LEX  fence  has  a  small  effect  on  the  pressure  distribution 
over  the  stabilator.  However,  it  was  judged  that  the  differences  were  not  sufficient  to  justify  the 
testing  of  the  stabilators  with  the  fence  both  on  and  off. 

Figures  15a  and  15b  show  how  the  LEX  fence  affects  the  pressure  distributions  on  the  fin.  At 
10°  angle  of  attack,  the  effect  is  small  relative  to  that  at  25°.  At  the  higher  angle  of  attack,  the 
pressure  distribution  is  affected  more  at  the  fin  tip  with  no  real  change  at  the  root.  This  is  to 
be  expected  since  flow  visualisation  studies  (Reference  [9])  show  that,  at  this  angle  of  attack, 
the  LEX  vortex  core  is  closer  to  the  fin  tip  than  the  root. 


7.1.5  Effect  of  Flap  Deflection 

As  specified  previously,  the  flap  deflections  used  in  the  test  programme  were  calculated  using 
the  flight  control  system  logic  which  is  primarily  based  on  angle  of  attack  and  Mach  number. 
However,  the  flap  settings  used  in  flight  are  also  a  function  of  dynamic  pressure,  and  pilot 
roll-rate  demand.  Providing  pressure  information  for  every  combination  of  flap  setting,  angle  of 
attack,  sideslip,  etc.  would  be  prohibited  by  time  constraints.  For  this  reason,  only  the  major 
parameters  affecting  the  flap  deflections  (angle  of  attack  and  Mach  number)  were  used  and  an 
indication  of  the  sensitivity  to  flap  deflection  of  the  fin  and  stabilator  pressure  distributions  is 
given. 

Preliminary  data  from  Test  A  were  compared  with  data  obtained  from  a  similar  test  series  on  a 
l/24th  scale  F/A-18  half  model  in  the  ARL  Transonic  wind  tunnel  (Reference  [1]).  At  angles  of 
attack  where  both  models  had  the  same  flap  settings  (0s  and  25°),  the  data  agreed  reasonably 
well  \.t  10°  angle  of  attack,  the  flap  settings  from  the  two  tests  differed  by  5°  and  this  difference 
was  reflected  in  the  integrated  loads  results.  This  was  the  angle  of  attack  where  the  highest 
discrepancy  in  the  loads  occurred.  For  this  reason,  an  angle  of  attack  of  10°  was  chosen  for 
the  flap  sensitivity  tests.  During  the  second  phase  of  Test  B  (measurement  of  fin  and  fuselage 
pressures)  some  higher  angle  of  attack  measurements  were  made  also. 

At  an  angle  of  attack  of  10°  (and  Mach  numbers  less  than  0.6),  the  LEF  deflection  was  calculated 
to  be  13.3°  and  the  TEF  deflection  was  calculated  to  be  14.0°.  With  the  TEF  set  at  14.0°,  the 
LEF  was  swept  from  0°  to  35s  in  5°  increments  and  the  pressures  over  the  stabilator,  fin  and 
fuselage  measured.  Similarly,  with  the  LEF  set  at  13.3°,  the  TEF  was  swept  from  0°  to  20°  in 
4®  increments. 
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Pressure  distributions  are  presented  for  the  starboard  fin  and  stabilator,  indicating  the  effect 
of  deflecting  the  LEF  from  10°  to  20°  (Figures  16a  and  16b)  and  the  TEF  from  12°  to  20° 
(Figures  17a  and  17b).  The  figures  illustrate  that  the  effect  of  LEF  deflection  is  almost  un- 
noticable.  The  TEF  effect  is  more  prominent.  As  the  TEF  is  deflected  down,  the  increase  in 
downwash  causes  a  reduction  in  the  inward  loading  on  the  fin  and  also  the  upward  loading  on 
the  stabilator. 


7.1.6  Effect  of  Fuel  Tank 

An  investigation  was  carried  out  to  determine  the  effect  on  the  stabilator  pressure  distribution 
of  a  ‘330  gallon’  fuel  tank  mounted  on  the  inboard  wing  pylon.  Tests  were  conducted  using 
the  model  configured  as  in  Test  A  with  the  fixed  undeflected  flaps,  as  this  wing  had  been 
manufactured  with  attachment  holes  for  fitting  a  wing  pylon.  The  investigation  was  therefore 
limited  to  low  angles  of  attack  which  was  considered  acceptable  since  the  major  effect  was 
expected  to  be  due  to  the  tank  wake  impinging  on  the  stabilator. 

The  two  cases  presented  here  in  Figures  18a  and  18b  represent  a  =  5°,  3  =  0°,  6  =  +1°,  and 
a  =  0°,  3  —  5°,  6  —  -11°  respectively  with  the  LEX  fence  off  for  both.  These  figures  indicate 
that  the  carriage  of  a  fuel  tank  on  the  inboard  wing  pylon  has  a  relatively  minor  effect  on  the 
stabilator  pressure  distribution. 

Figure  18b  was  included  in  particular  as  it  shows  the  greatest  change  in  the  pressure  distribution 
with  the  tank  fitted.  A  slight  decrease  in  pressure  coefficient  is  observed  at  the  leading  edge  on 
the  lower  side  of  the  stabilator  with  the  tank  in  place. 


7.2  Integrated  Loads 

The  amount  of  data  gathered  in  this  test  programme  makes  it  impractical  to  present  all  measured 
pressure  distributions  in  this  report.  Integration  of  the  pressure  distributions  to  obtain  total 
surface  loads  allows  every  test  point  to  be  presented  in  a  form  that  clearly  illustrates  how 
the  aerodynamic  loads  change  over  the  whole  of  the  test  envelope.  The  load  information  also 
provides  a  useful  reference  for  other  F/ A- 18  studies.  Force  and  moment  coefficients  are  presented 
for  the  starboard  fin  and  stabilator. 


7.2.1  Fin  Loads 

The  loads  derived  from  integration  of  the  fin  pressure  distributions  provide  an  overall  indication 
of  the  major  steady-state  aerodynamic  effects.  Figures  19a  to  19e,  20a  to  20e  and  21a  to  21e 
represent  the  lift  (or  normal  force),  pitching  moment  (or  root  torsion)  and  bending  moment 
coefficients  respectively  on  the  starboard  cn  for  varying  sideslip  and  stabilator  angles. 

At  low  angle  of  attack,  the  flow  over  the  fins  is  attached.  As  the  angle  of  attack  increases, 
the  inboard  loading  on  the  fin  increases  in  a  relatively  linear  fashion  due  to  the  fin  cant  angle 
of  20°,  until  the  formation  of  the  LEX  vortex  occurs.  The  integrated  fin  load  results  show 
that,  at  high  angle  of  attack,  the  fin  is  dominated  by  the  presence  of  the  LEX  vortex.  This 
is  evident  by  noting  the  change  in  the  fin  loads  with  the  attachment  of  the  LEX  fence,  which 


11 


alters  the  structure  and  trajectory  of  the  primary  LEX  vortex.  The  flow  visualisation  studies 
in  Reference  [9]  illustrate  that  angle  of  attack  alters  both  the  vertical  position  of  the  vortex 
relative  to  the  fin  and  also  the  streamwise  location  of  the  burst. 

At  low  angle  of  attack  (less  than  about  10°)  the  difference  in  fin  loading  between  LEX  fence 
on  and  off  is  minor.  From  a  =  10s  to  35s,  the  fin  loads  tit  dominated  by  the  LEX  vortex  and 
therefore,  any  change  in  this  vortical  flow  (i.e.  due  to  the  LEX  fence)  is  more  easily  recognised. 
At  a  ss  35s,  the  effect  of  the  fence  begins  to  be  less  pronounced.  This  is  due  to  the  the  trajectory 
of  the  vortex  passing  above  the  fin  tip.  In  general,  the  attachment  of  the  LEX  fence  results  in 
increased  inboard  loading  on  the  fin. 

The  fin  normal  force  results  show  that  there  is  a  linear  change  in  fin  loading  with  sideslip  at  low 
angles  of  attack.  At  high  angles  of  attack,  this  gradient  reduces  and  non-linear  behaviour  occurs 
at  negative  sideslip  angles.  Flow  visualisation  tests  show  that  the  starboard  vortex  burst  point 
moves  forward  and  inboard  with  positive  sideslip  and  aft  and  outboard  with  negative  sideslip. 
This  means  that  the  effect  of  the  LEX  fence  on  the  starboard  fin  will  be  evident  at  lower  angles 
of  attack  for  positive  sideslip  cases  and  at  higher  angles  of  attack  for  negative  sideslip  cases. 
This  effect  is  observed  in  the  integrated  loads  results. 

The  effect  of  stabilator  deflection  on  the  steady  state  fin  loads  is  negligible  over  the  whole  angle 
of  attack  and  sideslip  range. 


7.2.2  Stabilator  Loads 

Figures  22a  to  22e,  23a  to  23e  and  24a  to  24e  represent  the  lift  (or  normal  force),  pitching  mo¬ 
ment  (or  hinge  torsion)  and  bending  moment  coefficients  respectively  on  the  starboard  stabilator 
for  varying  stabilator  and  sideslip  angles. 

The  most  noticeable  trend  in  the  stabilator  load  data  (Figures  22a  to  22e)  is  the  nonlinear 
behaviour  with  aircraft  angle  of  attack.  At  angles  of  attack  less  than  10°.  deflection  of  the 
stabilator  results  in  a  considerably  larger  change  in  the  stabilator  load  than  does  a  change  in 
incidence  of  similar  magnitude.  This  indicates  that  although  the  aircraft  incidence  may  change, 
the  local  angle  of  attack  at  the  stabilator  changes  to  a  much  lesser  degree.  This  effect  is  almost 
reversed  at  aircraft  angles  of  attack  greater  than  10s.  Here,  the  change  in  load  from  a  stabilator 
deflection  is  less  than  that  obtained  from  a  change  in  incidence.  The  strengthening  of  the 
primary  LEX  vortex  in  the  high  angle  of  attack  range  and  the  consequential  alteration  to  the 
flow  field  in  the  vicinity  of  the  stabilator  is  most  likely  to  be  the  cause  of  this  effect. 

Though  not  entirely  obvious  from  the  manner  in  which  the  data  are  presented  here,  inspection 
of  Figures  22a  to  22e  shows  that  the  variation  of  stabilator  load  with  stabilator  deflection  is 
approximately  linear.  The  effect  of  sideslip  is  also  relatively  small  by  comparison. 

Minor  exceptions  to  the  general  trends  are  evident.  Firstly,  at  a  combination  of  high  angle  of 
attack  and  positive  sideslip  angles,  a  positive  increase  in  the  stabilator  deflection  from  the  0s 
position  actually  results  in  a  decrease  in  lift.  Secondly,  at  low  angle  of  attack  and  large  sideslip 
angles  (mainly  negative  but  also  positive),  an  increase  in  angle  of  attack  does  not  always  produce 
an  increase  in  upward  loading  on  the  stabilator.  This  may  be  an  effect  due  to  separated  flow 
from  the  modified  fuselage  contours  located  just  forward  of  the  stabilators  for  mounting  the 
Sparrow  Missile.  Specific  tests  to  identify  the  causes  of  these  variations  were  not  made. 
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The  effect  of  the  LEX  fence  on  the  stabilator  was  checked  for  a  limited  number  of  cases  (i.e. 
0°  sideslip  and  0s  stabilator  deflection).  As  discussed  previously  with  regard  to  the  pressure 
distributions,  the  LEX  fence  is  shown  to  have  a  small  effect  on  the  stabilator  loads  but  given 
the  magnitude  of  the  changes  due  to  other  parameters,  it  is  considered  negligible. 


7.2.3  Variations  in  Fin  and  Stabilator  Loads  Due  to  Flap  Deflections 

Deflection  of  the  flaps,  within  the  vicinity  of  the  calculated  trim  position,  results  in  a  reasonably 
linear  change  in  the  fln  and  stabilator  loading.  Figures  25,  26  and  27  present  the  aerodynamic 
loads  measured  using  the  trim  flap  settings  to  provide  a  clear  indication  of  the  relative  effect  of 
flap  deflection  in  these  regions. 

Although  the  flap  positions,  in  particular  those  of  the  trailing  edge  flap,  do  affect  the  pressure 
distributions  and  consequently  the  total  loads  on  the  fins  and  stabiiators,  the  effect  of  angle  of 
attack,  angle  of  sideslip  and  stabilator  angle  is  significantly  larger.  As  discussed,  the  trim  flap 
settings  used  in  these  tests  are  an  estimate  of  the  operational  flap  deflections,  and  as  shown 
in  Figures  25  to  27,  small  deviations  from  these  settings  produce  a  minor  effect  on  the  fin  and 
stabilator  loads. 


Conclusions 


The  steady  aerodynamic  load  distributions  over  the  aft  fuselage,  fins  and  stabiiators  have  been 
measured  using  a  1  /9th  scale  wind-tunnel  model  for  a  wide  range  of  operational  flight  conditions. 
The  results  are  presented  for  a  range  of  angles  of  attack,  sideslip  angles  and  stabilator  deflections 
with  the  LEX  fence  on  and  off.  The  wing  flap  settings  are  scheduled  as  a  function  of  angle  of 
attack  as  defined  by  the  aircraft  flight  control  system. 

In  this  report,  a  selection  of  the  pressure  distributions  has  been  presented  to  illustrate  the 
changes  due  to  the  major  parameters.  The  integration  of  the  surface  pressures  has  been  carried 
out  and  these  results  are  presented  to  show  the  major  changes  in  the  aerodynamic  loads  on  the 
aircraft. 

Due  to  the  fin  cant  angle  and  the  LEX  vortex  flow,  aircraft  angle  of  attack  has  a  major  effect  on 
the  steady  state  loads  on  the  fins  as  well  as  on  the  stabiiators.  As  expected,  sideslip  has  a  large 
effect  on  the  fin  loading  but  has  a  relatively  minor  influence  on  the  stabilator  loading.  Stabilator 
deflection  has  a  large  effect  on  the  stabilator  load  distribution  as  expected  but  has  a  negligible 
effect  on  fin  loads.  At  low  angles  of  attack,  stabilator  deflection  produces  considerably  greater 
changes  in  stabilator  lift  than  the  equivalent  change  in  aircraft  incidence,  but  the  reverse  is 
true  at  high  angles  of  attack.  Variations  in  the  TEF  angle  have  a  larger  effect  on  the  fin  and 
stabilator  loads  than  does  the  LEF  although  these  are  still  relatively  small. 

Neither  the  attachment  of  the  LEX  fence  nor  mounting  the  ‘330  gallon’  fuel  tank  on  the  inboard 
wing  pylon  had  much  effect  on  the  stabilator  loads.  However,  the  fins  were  affected  by  the  LEX 
fence  at  angles  of  attack  greater  than  around  10°  where  the  LEX  vortex  begins  to  form  and 
dominate  the  fin  flow  field. 
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Appendix  A  -  Archiving  of  Test  Results 

The  data  from  this  series  of  tests  have  been  stored  on  a  150  Mbyte  tape  in  ‘tar’  format  using  a 
Silicon  Graphics  4D/310  GTX  computer.  The  tape  contains  all  raw  data  from  the  tunnel  tests, 
the  source  code  for  the  computer  programs  used  in  the  analysis  of  the  data  and  the  final  results. 
The  tape  has  been  registered  in  the  Applied  Aerodynamics  data  storage  facility  at  ARL. 

A.l  Geometry  file 

The  root  directory  provided  by  ARL  contains  the  geometry  data  file  ‘f  ISpanel  .out'.  This  file 
contains  data  describing  the  surface  geometry  of  the  F /A- 18  aircraft  as  obtained  from  the  ARL 
F/A-18  VSAERO  CFD  model.  The  data  included  in  the  file  are  panel  number,  panel  area,  x, 
y  and  z  co-ordinates  of  the  panel  centroids,  and  the  components  of  the  unit  normal  vector  of 
each  panel  in  the  x,  y.  and  z  directions.  All  control  surfaces  on  the  panel  model  are  in  the 
undeflected  position. 

A.2  Pressure  coefficient  files 

Each  of  these  files  contains  a  list  of  panel  numbers  and  the  corresponding  pressure  coefficients 
as  obtained  from  the  tunnel  tests  and  subsequent  interpolation.  The  file  naming  system  takes 
the  form  la6bld3t2f0.out'.  The  results  are  presented  as  interpolated  pressure  coefficients  for 
a  given  VSAERO  panel.  Each  data  file  represents  a  single  test  point  in  the  programme  and  is 
coded  in  the  following  manner. 

a  -  code  for  angle  of  attack,  o 
b  -  code  for  angle  of  sideslip,  0 
d  -  code  for  stabilator  deflection,  b 
t  -  code  for  flap  deflection.  LEF  and  TEF 
t  -  code  for  LEX  fence  condition. 

The  code  used  to  name  the  files  is  as  in  Table  Al.  For  example,  the  file  ‘a6bld3t2f0 . out’ 
would  contain  data  for  the  case: 
o  =  20° 

0  =  -5° 

6  =  0° 

LEF=26.6°.  TEF=7.8° 

LEX  fence  off. 

A.3  Integrated  loads  files 

Files  ‘fin. out’  and  ‘tail. out’  contain  the  results  of  the  pressure  coefficient  integration  over 
the  fin  and  stabilator  respectively  for  all  tested  combinations  of  a,  0 ,  b,  flap  deflection  and  fence. 
The  pressure  coefficients  have  been  integrated  to  obtain  a  lift  force  coefficient  acting  normal 
to  the  chord  plane  of  each  flying  surface,  a  torsion  moment  coefficient  about  the  quarter  chord 
point  at  the  root  of  the  fin  and  the  pivot  point  on  the  tailplane  as  described  in  section  6.3.  and 
a  bending  moment  coefficient  for  both  fin  and  tailplane.  Note  that  this  is  the  order  in  which 
the  integrated  loads  appear  in  the  data  files.  All  coefficients  have  been  non-dimensionalised 
using  the  wing  area  and  also  the  wing  mean  aerodynamic  chord  where  appropriate.  The  sign 
convention  used  is  provided  in  Figure  8. 


Table  Al:  Coding  of  file  names  for  pressure  distribution  results 
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Figure  7  :  Post- Processing  Data  Analysis  Procedure 
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Figure  10  a  :  Starboard  Side  Surface  Pressure  Distribution  for  Varying  Angle  of  Attack 
o  =  -10°,  0  =  0 °,6  =  0°,  LEF=  0.0°,  TEF=  0.0°,  LEX  fence  on 
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Figure  10  c  :  Starboard  Side  Surface  Pressure  Distribution  for  Varying  Angle  of  Attack 
a  =  0°,/)  =  0°,<5  =  0°,  LEF=  0.0°,  TEF=  0.0°,  LEX  fence  on 
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Figure  10  f  :  Starboard  Side  Surface  Pressure  Distribution  for  Varying  Angle  of  Attack 
o  =  15°,  0  =  0°,  6  =  0°,  LEF=  19.9°,  TEF=  14.8°,  LEX  fence  on 
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Figure  11c:  Starboard  Side  Surface  Pressure  Distribution  for  Varying  Angle  of  Sideslip 
Q  =  OVd  =  0°,  <5  =  0°,  LEF=  0.0°,  TEF=  0.0°,  LEX  fence  on 
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Figure  lid:  Starboard  Side  Surface  Pressure  Distribution  for  Varying  Angle  of  Sideslip 
a  =  O°,0  =  —5 °,6  =  0°,  LEF=  0.0°,  TEF=  0.0°,  LEX  fence  on 
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Figure  lie:  Starboard  Side  Surface  Pressure  Distribution  for  Varying  Angle  of  Sideslip 
a  =  0°,3  =  -10°,  6  =  0°,  LEF=  0.0°,  TEF=  0.0°,  LEX  fence  on 
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Figure  12  a  :  Starboard  Side  Surface  Pressure  Distribution  for  Varying  Angle  of  Sideslip 
Q  =  25°, 0  =  10°,<5  =  0°,  LEF=  33.2°,  TEF=  0.8°,  LEX  fence  on 
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Figure  12  c  :  Starboard  Side  Surface  Pressure  Distribution  for  Varying  Angle  of  Sideslip 
q  =  25°,  0  =  0°,<5  =  0°,  LEF=  33.2°,  TEF=  0.8°,  LEX  fence  on 
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Figure  12  d  :  Starboard  Side  Surface  Pressure  Distribution  for  Varying  Angle  of  Sideslip 
a  =  25°,  0  =  -5°,  6  =  0°,  LEF=  33.2°,  TEF=  0.8°,  LEX  fence  on 
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Figure  13  a  :  Starboard  Side  Surface  Pressure  Distribution  for  Varying  Stabilator  Deflection 
a  =  10°,/?  =  0V  =  5°,  LEF=  13.3°,  TEF=  14.0°,  LEX  fence  on 
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Figure  13  c  :  Starboard  Side  Surface  Pressure  Distribution  for  Varying  Stabilator  Deflection 
Q  =  10°, 0  =  0°,S  =  -5°,  LEF=  13.3°,  TEF=  14.0°,  LEX  fence  on 
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Figure  14  a  :  Starboard  Stabilator  Surface  Pressure  Distribution  for  LEX  Fence  On  and  Off 
q  =  10°, 0  =  0°,6  =  0°,  LEF=  13.3°,  TEF=  14.0° 
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Figure  14  b  :  Starboard  Stabilator  Surface  Pressure  Distribution  for  LEX  Fence  On  and  Off 
q  =  25°,  0  =  0°,  6  =  0°,  LEF=  33.2°,  TEF=  0.8° 
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Figure  15  b  :  Starboard  Fin  Surface  Pressure  Distribution  for  LEX  Fence  On  and  Off 
q  =  25 °,0  =  0 \6  =  0°.  LEF=  33.2°,  TEF=  0.8° 
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Figure  16  b  :  Starboard  Stabilator  Surface  Pressure  Distribution 
for  Varying  Leading  Edge  Flap  Deflection 
a  =  10°,  0  =  0°,<5  =  0°,  TEF=  14.0°.  LEX  fence  on 
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Figure  17  b  :  Starboard  Stabilator  Surface  Pressure  Distribution 
for  Varying  Trailing  Edge  Flap  Deflection 
q  =  10°,/?  =  0°,<5  =  0°,  LEF=  13.3°,  LEX  fence  on 


61 


Upper  Stabilator  -  Tank  Off  Lower  Stabilator  -  Tank  Off 


Upper  Stabilator  -  Tank  On  Lower  Stabilator  -  Tank  On 


Figure  18  a  :  Starboard  Stabilator  Surface  Pressure  Distribution  for  Wing  Tank  Off  and  On 
a  =  5°,/J  =  0°,i  =  1°,  LEF=  6.6°,  TEF=  7.0°,  LEX  fence  on 


62 


Upper  Stabilator  -  Tank  Off  Lower  Stabilator  -  Tank  Off 


Upper  Stabilator  -  Tank  On 


Lower  Stabilator  -  Tank  On 


Figure  18  b  :  Starboard  Stabilator  Surface  Pressure  Distribution  for  Wing  Tank  Off  and  On 
Q  =  0°,/3  =  5°,i  =  -11°,  LEF=  0.0°,  TEF=  0.0°.  LEX  fence  on 
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Figure  19  c  &  d  :  Normal  Force  on  Starboard  Fin  as  a  Function  of  a,  0,6  and  LEX  fence 
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Figure  19  e  :  Normal  Force  on  Starboard  Fin  as  a  Function  of  a,  0,6  and  LEX  fence 


Attack  (degrees) 


Fin  as  a  Function  of  a,  0. 6  and  LEX  fence 


69 


10.0  15.0  20.0  25.0  30.0  35.0 

Df  Attack  (degrees) 


rd  Stabilator  as  a  Function  of  a,  0, 6  and  LEX  fence 


'3 


10.0  15.0  20.0  25.0  30.0  35.0 

of  Attack  (degrees) 


xasrnfTJS 


as  a  Function  of  a,  0,6  and  LEX  fence 


Attack  (degrees) 


oard  Stabilator  as  a  Function  of  a,  0,6  and  LEX  fence 


10.0  15.0  20.0  25.0  30.0  35.0 

of  Attack  (degrees) 


Stabilator  as  a  Function  of  a,  0.6  and  LEX  fence 


9 


8' 


0.0  5.0  10.0  15.0  20.0  25.0  30.0  35.1 

Flap  Deflection  (degrees) 


Integrated  Stabiiator  Loads 


Figure  25  :  Normal  Force  on  Starboard  Fin  and  Stabiiator  for 
Varying  Leading  and  Trailing  Edge  Flap  Deflections 
3  =  0°,6  =  0°,  LEX  fence  on 
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Figure  26  :  Pitching  Moment  on  Starboard  Fin  and  Stabilator  for 
Varying  Leading  and  Trailing  Edge  Flap  Deflections 
0  =  0°,^  =  0°,  LEX  fence  on 
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